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ABSTRACT 



Each of the processing circuits connected to an image 
data bus is adapted such that a delay of n transfer clocks 
(n is a positive integer) or an integer multiple thereof is 
generated between the input and output data. There- 
fore, the delay time of the whole processing circuit 
becomes an integer multiple of a fixed time period, no 
matter what pipeline structure is adopted to connect the 
processing circuits. An address counter connected to 
the image memory through an address bus delays one 
read address by a plurality of cascade connected delay 
circuits and outputs the same as write address with the 
output of respective delay circuit switched succes- 
sively, so that it seemingly operates in the same manner 
as in the case where there are a number of write address 
counters. 

7 Claims, 8 Drawing Sheets 
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processing circuits arc adapted to be coupled with each 
DIGITAL IMAGE PROCESSING APPARATUS FOR other in an arbitrary order. 
CORRECTLY ADDRESSING IMAGE MEMORY In the former method (a), unnecessary processing 

circuits out of the coupled processing circuits should be 
BACKGROUND OF THE INVENTION 5 set in a processing state in which the input data is out- 
t vu\a «r Tnv^,i™ P" tted as u is without any change made thereon, and 

L. of th ? Invcntlon | # .... . „ nrfv only necessary circuits are set at prescribed operation 

The present invention relates to a digital image pro- om J 7^ y . . * t „. - „„„ „„ f \L ««i 

cessing apparatus, and more specifJly. to a digital state. If the desired order of P"£"^>™£^- 
image pressing apparatus arithmetically processing ■ .zed. the data prov.ded during the process must be tern- 
original image data to enable image data converting 10 poranly stored m the ^linage memory, 
processes such as a gradatibn correction, sharpening of In the latter method (b) any process can be continu- 
image quality, and processes such as feature extraction ously executed, since only the necessary processing 
from the original image data. circuits are combined arbitrarily. Therefore, as for the 

2. Description of the Prior An . processing functions and processing speed, the latter 

A- digital image processing apparatus comprises an 15 method is superior to the former one. However, the 
image input circuit for inputting image data, an image latter method has disadvantages that the delay time of 
output circuit for outputting image data, an image mem- the whole processing circuit between the input and 
ory for storing image data, processing circuit for arith- output data changes dependent on the combination, 
metically processing image data, a host CPU control- since the processing circuits are arbitrarily coupled 
ling these circuits and arithmetically processing image 20 with each other (the delay time may. also change in the 
data by means of software, and so on. Generally, the former method dependent on the processes). Therefore, 
host CPU is employed only for those arithmetic pro- w hen the data resulting from the process should be 
cesses which can not be effected by the processing written in the image memory, the image memory for 
circuits. Basic processes are executed by hard logic of writing (the memory in which data from the image data 
the processing circuits. Circuits other than the host * 5 ous are written: the memory from which the data are 
CPU transfer image data to and from each other at high rea< j t0 the image data bus will be hereinafter referred to 
speed. However, a data bus is commonly provided ^ an } m age memory for reading), must use a write 
which is exclusively used for transferring image data to address which is delayed from the standard address by 
and from each of the circuits, in consideration of the the , jme corresponding to the delay time generated in 
flexibility of the system. 30 , he processing circuit. When there are a plurality of 

In such digital image processing apparatus, a process- image mem0 ries and each of the image memories oper- 
ing circuit is adapted to provide a plurality of functions ate in d ep endently to write image data with different 
by changing some settings therein, or a plurality of d elay times in paraUel, a number of write address count- 
processing circuits are provided and the processing eR ^ number COIT esponding to the number of image 
circuits are selected corresponding to the required func- « memories t0 which data should be written, becomes 
tions, in order to accomplish these arithmetic Functions. necessary N amely, one write address counter must be 
Now, a simple process can be effected by a single antn- . me which is quite uneco . 

metic function. However, a process in accordance with £ „ ical 

a complicated algorithm requires a plurality of different More detailed description will be given in the follow- 
operations or repetition of one operation earned out 40 M ° e 0 reference to the figures 
successively. In order to do so, the processing circuits ^K5. 1 shows^ an example of a struc.ure of a digital 
and pressing functions in a^ia^ ^ , lurality of 

must be successively switched. This requires a long » r * ^hich can be pipeline-coupled with 

period of time. Therefor, ^ the 4J EhSK an image memory, an Smage input circuit 

«,al Process^ can not copew.th jJS 45 and an image outpufcircuit. The circuits are coupled by 

inputted «nag« «o be processed ' «^ "^"™*riS a data bus 5 exclusively used for image data. In order to 
V^^^^^^^^S^^^ simplify the description, the number of processing co- 
processing speed is to «T «« cuitt is limited to three, and the host CPU which is 
i°SS B S5£ » -essary for ^ ^ orr^.^^^ 
?ou5uTdau of respective processing circuits coupled figure, the image input circuit 1. the m»ge -m£ 
to each other in accordance with the order of process- three processing circuits 3c ,3b and 3^ and the image 
ng Cooperate all the processing circuits simultaneously output circuit ^are coupled with each other by the 
waJtoTable simultaneous execution of all required image data bus 5. The three processing ; cucuitt 3a 36 
arithmetic functions. This is generally called pipeline 55 and 3c are pipelme-coup ted by signal lines 6a. 66 and 6c 
prSmg In the pipeline processing, the data pro- The image data are inputted from the image input 
vdTduringproceJinl may not be temporarily stored circuit 1 through the image data bus Sto th« > image 
in the image memory, whereby the real time processing memory 2. As for the output of the 'mage data he 
of the input data is made possible. image data read from Ae image memory 2 enters the 
As described above, in order to execute complicated 60 image output circuit * through the image data bus 5, and 
arithmetic processes on real time in a digital image they are outputted from the circuit 4 to an external 
processing apparatus, a number of processing circuits image display apparatus, image recording apparatus, 
should be provided pipeline coupled with each other. and so on. ..,..„ . . ... 
There are two methods of pipeline-coupling of the plu- The image data is arithmetically processed in various 
rality of processing circuit. Namely, (a) a method in 65 states of operation. For example, in processing image 
which a plurality of processing circuits are coupled data, only one of the three processing circuits 3a, 36 and 
with each other in advance in accordance with a pre- 3c operates; two or more of the processing circuits 
scribed order, and (b) a method in which a plurality of operate in parallel but independently from each other; 
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two of the processing circuits operate pipeline-coupled m, n clocks between the input and output of the image 
with each other, and the remaining one does not oper- data. In the structure of FIG. 2, there is a delay of 1 
ate; two of the circuits operate pipeline-coupled with clocks between the read data of the image memory 2a 
each other, and the remaining one operates in parallel and the write data of the image memory 26. Similarly, in 
independently; three circuits operate pipeline-coupled 5 the structure of FIG. 3, there is a delay of (1 + m) clocks, 
with each other, and so on. Other states of operation and in the structure of FIG. 4, there is a delay of 
including pipeline-coupling can be provided by chang- (l+m+n) clocks. In the structure of FIG. 5, there is a 
ing combination and order of the processing circuits. In delay of 1 clocks in the write data of the image memory 
any case, the data read from the image memory 2 or the 26 and there is a delay of (m + n) clocks in the write data 
image data provided from the image input circuit 1 are 10 of the image memory 2c, respectively, 
inputted to the processing circuit (3a. 36 or 3c) as im- As described above, only by changing the pipeline 
ages to be processed through the image data bus 5, and structure in the processing circuits or only by changing 
the result of processing is applied to the image memory the processing circuit to be used, the number of stages 
2 or to the image output circuit 4 through the image of delay between input/output data to and from the 
data bus 5. 15 processing circuit varies widely. Table 1 shows the 

FIGS. 2 to 5 show connections between the image relation between the combination of the processing 
memory 2 and the processing circuits 3 in various states circuits employed and the number of delay stages, 
of arithmetic processing. TABLE 1 

In FIG. 2, only one processing circuit 3a out of three ; 

^ocessingcircuit S 3a.36and3coperates ^heimageto 20 gggg^gp number of delay stages 
be processed is stored in the image memory 2a. and tne ■ — — 

read data from the image memory 2a is inputted to the j* ^ 
processing circuit 3a through the image data bus 5a and 3c ™ 
processed in the processing circuit 3a, with the result of 3 8t 3b 1 + m 

processing stored in the image memory 2b. 25 3b, 3c m + n 

In FIG. 3, two processing circuits 3a and 36 of the jc, 3a n + l 

three processing circuits 3a, 3b and 3c operate pipeline- + m + n 

coupled with each other. The image to be processed is 

stored in the image memory 2a, and it is processed in Now, the problem exists in the fact that the write ad- 
two processing circuits 3a and 3b, with the result stored 30 dress to be applied to the image memory for writing 
in the image memory 2b. Although the processing cir- (the memory in which data are written from the image 
cuits 3a and 3b are coupled in this example, the combi- data bus 5) must correspond the number of delay stages 
nation of the processing circuits 3b and 3c or 3c and 3a which changes dependent on the structure of the pro- 
are also possible. cessing circuits 3. When the image memory 2 in opera- 

In FIG. 4, three processing circuits 3a, 3b and 3c 35 tion comprises one memory for reading and one mem- 
operate pipeline-coupled with each other. In this case ory for writing as in the structures shown in FIGS, 2 to 
also, the image to be processed is stored in the image 4, only one read address counter for generating read 
memory 2a, and it is processed in three processing cir- address and one write address counter generating write 
cuits 3b, 3c and 3a with the result stored in the image address should be provided. In this case, to change the 
memory 2b. The circuits may be coupled in accordance 40 value of the write address in correspondence with the 
with the order of 3c, 3a and 36 or 3a, 36 and 3c, other value of the read address in accordance with the num- 
than the shown order 36, 3c and 3a. ber of delay stages generated by he processing circuits 3 

In FIG. 5, two processing circuits 36 and 3c of the is not a serious problem. However, if there are two sets 
three processing circuits 3a, 36 and 3c operate pipeline of processing circuits operating in parallel and the num- 
coupled with each other and the remaining processing 45 ber of delay stages incidental thereto are different from 
circuit 3a operates independently. The read data from each other as in the structure of FIG. 5, different write 
the image memory 2a are commonly inputted to the addresses corresponding to respective write data must 
processing circuits 3a and 36 to be differently pro- be provided for the image memories 26 and 2c for writ- 
cessed, with the results being written in the image mem- ing. In this case, two sets of write address counters 
ories 26 and 2c, respectively. 50 should be independently provided. If a larger number of 

As described above, when there are a plurality of write addresses are necessary, the number of write ad- 
processing circuits 3a, 36 and 3c and various combina- dress counters should also be increased. In a system in 
tions of pipeline-coupling are possible between the cir- which address counter is separately provided external 
cuits, the flow of the image data varies widely depen- to the image memory, a number of write address count- 
dent on the combination of the pipeline-coupling, pre- 55 ers must be needed with the number corresponding to 
sence/absence of parallel operation, and selection of the the number of image memories which can be simulta- 
image memory 2 for input and output. neously set in the write operation state. Furthermore, 

In the foregoing, the delay of data generated in the the operations of the write address counters are not 
processing circuits 3a, 36 and 3c is not considered. Gen- uniform, causing increase of the size of the hardware 
erally, when an image to be processed passes through a 60 and making the control troublesome. Meanwhile, if an 
processing circuit, there will be some delay between the independent address counter is appended to every 
input and output data. The image data is handled in image memory, the trouble of selecting the write ad- 
synchronization with a transfer clock of a prescribed dress to be employed can be eliminated. However, the 
period on the image data bus or in each of the process- setting of the operation state of the write address 
ing circuits. The delay mentioned above is represented 65 counter is required, and the hardware becomes larger, 
by the unit of the transfer clock. For example, referring Meanwhile, a method is proposed to compensate for 
to FIGS. 1 to 5, it is assumed that three processing the delay time, in which a circuit capable of making 
circuits 3a, 36 and 3c respectively generate delays of 1, constant the delay time is interposed in the final stage of 
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the pipeline-coupling of the processing circuits. How- of the present invention when taken in conjunction with 
ever, in the case where all of the processing circuits the accompanying drawings. 

operate in parallel, the number of such delay time com- DESCRIPTION OF THE DRAWINGS 
pensating circuits must be the same as that of the pro- 
cessing circuits, increasing the cost Furthermore, ac- 5 FIG. 1 is a block diagram showing one example of a 
cording to this method, a prescribed delay time must be conventional image processing apparatus comprising a 
generated even when the read data of the image mem- plurality of processing circuits; 
ory is directly written in another image memory. FIG. 2 to 5 illustrates various applications of the 

SUMMARY OF THE INVENTION , 0 j^^^.™* ° f COnven,i ° nal pr0CeS$ - 

The present invention was made to solve the above FIG. 6 is a block diagram showing the structure of 

described problem in relation to the difference of delay the image processing apparatus in accordance with one 

time derived from various couplings between process- embodiment of the present invention; 

ing circuits in an image processing apparatus having a fjq. 7 j s a block diagram showing an example of the 

plurality of processing circuits capable of pipeline pro- 15 structure of the address counter 7 shown in FIG. 6; 

cessing of image data, and its object is to provide a FIG. 8 is a block diagram showing one example of the 

digital image processing apparatus capable of correctly structure of the image memory 2 shown in FIG. 6; 

addressing image memory by a simple structure without pj G 9 j s a timing chart illustrating the operation of 

requiring a delay time compensating circuit in its pro- one cxamp i c 0 f the present invention; and 

cessing circuit or a write address counter in its image 20 p IG lQis a diagram showing an example of the 

memory. structure of the image output circuit 4 shown in FIG. 6. 

Brief stated, the present invention comprises an image 

input circuit for inputting image data, an image output DESCRIPTION OF THE PREFERRED 

circuit for outputting image data, a plurality of image EMBODIMENTS 

memories for storing image data, a plurality of process- 25 Embodiments of the present invention will be de- 

ing circuits capable of pipeline processing image data, scribed in the following, 
an image data bus for transferring image data between 

each of the circuits in accordance with a transfer clock, (i) The whole structure 

an address counter generating a read address and a FI(J 6 [$ a Wock diagram sh0 wing the structures of 

write address to be applied to the. image memory, and 30 ^ ^ . proce ssing apparatus in accordance 

an address bus for applying the address generated by the ^ Qne embodiment of lhe prescnt invention. As is 

address counter to the image memory Each processmg shown Jn the fi tM$ embodiment uprises an 

circuit is structured such that a delay of n (n is ; . i positive » f ^ m ^ a ^ 

integer transfer clocks or an mteg er mul pie of n * * ou ^ an data 

clocks is generated between the input and output data. 35 proce tsing circuit 3 comprises a plurality of 

The address counter composes ^^^^ processing circuits L is capable of being' variously 

which is counted up in a period of n transfe r clod« and P J ' number of delay stages between 

a delay circuit array in which multiple s ages of delay P ^ ^ 3 j$ 

circuits generating delay of n transfer clocks are cas- " . *: . K , f J* . nFA „i n „ 

cade connected to generate a plurality of write ad. 40 

dresses from a read address inputted to the delay circuit stages <* blocks in this embodimen ) ItaoM^ 

of the first stage The image memory comprises a write also comprises an address counter 7 The address 

address selecting circuit which selects, when the delay counter 7 transmits generated; read address and write 

time of the write data is Kxn (K is a positive integer) address to an address bus 8 The .mage memory 2 re- 

transfer clocks, a write address outputted from the Kth 45 ceives the read address and the write address from the 

delay circuit address bus 8 and carries out reading operation or wnt- 

According to the present invention, the delay time i"S operation at desired timing, 

generated in each processing circuit is limited to be n ^ Structure of the address counter 7 

transfer clocks or an integer multiple thereof. There- . . 
fore, the delay time of the whole processing circuit 50 FIG. 7 is a block diagram showing an example of the 

becomes the integer multiple of n transfer clocks re- internal structure of the address counter 7 in the em- 

gardless of the combination of the plurality of process- bodiment of FIG. 6. Referring to the figure, the address 

ing circuits, whereby the processing circuits can be counter 7 comprises a read address counter 70, delay 

freely coupled with each other. Since a delay circuit circuits 71 to 78 and a multiplexer 79. The counter70 
array which delays the output of the read address 55 outputs a read address RA to an address bus 8a. The 

counter successively by n transfer clocks is used to delay circuit 71 is necessary to obtain a basic write 

provide a plurality of write addresses, the address gen- address WA0 to be applied to an image memory lb for 

erating mechanism can be simplified, as one address writing from the read address RA when the read data of 

counter seemingly operates in the same manner as in the an image memory 2a should be directly written to an- 
case where there are a plurality of write address count- 60 other image memory 2b t that is, when there is no delay 

ers. In addition, since the address generating mechanism of data. The delay circuits 72 to 78 generate delays of 

is out of the image memory, the image memory have the same number of delay stages as the basic delay stage 

only to select the necessary address, and therefore, the number of the processing circuit 3. The multiplexer 79 

circuit scale of the image memory does not become time-division-multiplies the write addresses WA0 to 
. i ar ger. 65 WA7 outputted from respective delay circuits 71 to 78 

The foregoing and other objects, features, aspects to output the result to one address bus 86. In the exam- 

and advantages of the present invention will become pie of FIG. 7, there are 8 delay circuits 71 to 78 to 

more apparent from the following detailed description provide 8 write addresses WA0 to WA7 simulta- 
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neously. However, the number of the delay circuits 71 
to 78 is not limited to 8. 

(iii) Structure of the image memory 2 

FIG. 8 is a block diagram showing an example of the 
structure of the image memory 2 adapted for the read 
address RA and the write addresses WAO to WA7 out- 
putted from the address counter 7 shown in FIG. 7. 
Referring to the figure, the image memory comprises 8 
sets of memory devices Ml to M8 with each of the 
memory devices Ml to M8 having an address input 
terminal A, a data input terminal IN and a data output 
terminal OUT. The image memory comprises a read 
address latch 21 for latching the read address RA on the 
address bus $a at a certain time in the former half of the 
8 clock period; a write address latch 22 for latching a 
necessary one of 8 write addresses WAO to WA7 on the 
address bus Sb which is time-division multiplexed in the 
8 clock period; an address multiplexer 23 for applying 



address counter 7. A time period of 1 clock is allotted to 
every write address W Ai(x) in the 8 clock period for the 
write addresses WA0(x)-WA7(x) whereby they are 
time-division multiplexed on the same address bus Sb by 
the address multiplexer 79. There is the following rela- 
tion between the write addresses WAO(x) to WA7(x) 
and the read address RA(x). 

WA<Xx) = RA{x)-] 



10 



15 



WA%x)=WAb(x)-\ 



The write addresses WAO(x) to WA7(x) are applied 
to the image memory 2 by 8 clock period as in the case 
.... __ of the read address RA, and they are utilized to write 8 

the" writraddresT WAi (i=6^7) r in The forme7half of 30 data simultaneously. Therefore, the address difference 1 



the 8 clock period and for applying the read address RA 
in the later half of the clock period to the address input 
terminals A of 8 sets of memory devices Ml to M8; and 
a write address latch pulse generating circuit 24 for 
applying a latch pulse to latch the necessary one write 25 
address WAi out of the 8 write addresses WAO to WA7 
in the 8 clock period to the write address latch 22. The 
image memory further comprises a shift register 25 
which serial-parallel converts the data serially inputted 



from the image data bus Sb in accordance with the 3Q of the latch pulse. 



between respective write addresses corresponds to 8 
clock of the number of delay stages. In order to obtain 
a necessary write address" from the write address bus Sb, 
the image memory 2 on writing operation generates a 
latch pulse of a desired timing in the write address latch 
pulse generating circuit 24, and latches the write ad- 
dress in the write address latch 22. In the example of the 
write address latch pulse shown in FIG. 9, the write 
address WA3(x) is latched to be used at the rising edge 



transfer clock to apply 8 data to the data input terminals 
IN of the 8 memory devices Ml to M8 in parallel in the 
8 clock period; and a shift register 26 for reading which 
parallel-serial converts 8 data simultaneously read from 
the data output terminals OUT of the 8 memory devices 
Ml to M8 in 8 clock period to output the same as the 
serial data of transfer clock period to the image data bus 
5a. The 8 data which are read and written simulta- 
neously may be the data of adjacent 8 pixels or 8 bit data 
constituting 1 pixel. 

(iv) Operation timing 

FIG. 9 shows a relation between the transfer clock 
and the read address and write address outputted from 
the address counter 7. In the figure the reference char- 
acters RA(x), RA(x + 1) represent the read address out- 
putted from the read address counter 70. Since the 
image memory 2 is accessed by 8 data unit as described 
above, the read address RA (x) is counted up by 8 clock 
period. Therefore, when the access cycle is x, there is 
the following relation between the neighboring read 
addresses, that is; 

RA(x+l)=RA(x)+l 



The image memory on reading operation latches the 55 
read address at a time in a former half of the 8 clock 
period in the read address latch 21, and it applies the 
latched read address to each of the memory devices Ml 
to M8 on reading operation in the later half of the 8 



35 



40 



45 



50 



The write data is serially inputted to the shift register 
25 for writing , and 8 data are provided by 8 clock 
period. In the image memory 2, the write addresses 
provided in the write address latch 21 are switched by 
the address multiplexer 23 and they are applied to the 
memory devices Ml to M8 in the former half of the next 
8 clock period. The said write data are applied to re- 
spective memory devices Ml to M8 to be written 
therein at the first clock of the next 8 clock period. 

In this embodiment, the basic number of delay stages 
of the processing circuit 3 is selected to be 8 clocks, in 
correspondence with the 8 clock period to which the 
operations of the address counter 7 and the image mem- 
ory 2 are subjected. More specifically, the number of 
delay stages generated in the arithmetic processing 
when a single processing circuit 3 operates or when a 
plurality of processing circuits 3 operate pipeline-cou- 
pled with each other will be the multiple of 8 clocks 
without fail. For example, let us assume that the number 
of delay stages generated in three processing circuits 3a, 
3b and 3c of FIG. 1 are 8 clocks, 16 clocks and 24 
clocks, respectively. In that case, the number of delay 
stages shown in Table 1 will be the multiple of 8 clocks 
in all cases as shown in Table 2. Table 2 shows write 
addresses which should be received by the image mem- 
ory 2 in which the output data from the processing 
circuit 3 are written, as well as the number of delay 
stages. When a read data of an image memory 2a should 
be directly written in another image memory 2b with- 



clock period, in association with the switching of the 60 out using a processing circuit 3, the image memory 2b 



address multiplexer 23. The read data from each of the 
memory devices Ml to M8 are loaded in the shift regis- 
ter ffc for reading at the end of the 8 clock period and 
thereafter^ the data are serially read one by one to the 
image data bus 5a in accordance with the next 8 clock 
transfer clocks. 

In FIG. 9, WA0(x)-WA7(x) represent write ad- 
dresses outputted from delay circuits 71 to 78 in the 



65 



for writing should utilize that write address WAO as 
described above. 

As described above, according to this embodiment, 
the writing operation of correct timing can be carried 
out only by selecting a desired one from a plurality of 
write addresses WAO to WA7 which have been trans- 
mitted on the address bus 9b in advance, even when the 
number of delay stages of the write data to the image 
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memory 2 changes in association with the pipeline 
structure of the processing circuit 3. 



TABLE 2 


PROCESSING CIRCUITS NUMBER OF WRITE 
EMPLOYED DELAY STAGES ADDRESS 


3a 


8 


WAl 


3b 


16 


WA2 


3c 


24 


WA3 


Ja.3b 


24 


WAJ 


3b.3c 


40 


WA5 


3c3a 


32 


WA4 


3a.3b,3c 


48 


WA6 


TABLE 3 




NUMBER OF 






DELAY STAGES 


NUMBER OF 


PROCESSING 


GENERATED BY 


DELAY STAGES 


CIRCUITS 


PROCESSING 


TO BE SET IN 


EMPLOYED 


CIRCUITS 


FIFO REGISTER 


U 


8 


48 


3b 


16 


40 


3c 


24 


32 


3a.3b 


24 


32 


3Wc 


40 


16 


3c3» 


32 


24 


3«,3b,3c 


48 


8 



5 
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(v) Structure of the image output circuit 4 
FIG. 10 is a block diagram showing an example of the 
structure of the image output circuit 4 shown in FIG. 6. 30 
In this example, an image output circuit is proposed 
which D/A converts the image data outputted from the 
image input circuit 1, the image memory 2, and the 
processing circuit 3 to the image data bus 5 to output the 
same as the analog video signal to be displayed on a 35 
video monitor and the like. In the figure, a variable 
length FIFO (First-In First-Out) register 41 obtains 
image data on the image data bus 5 and outputs the 
input data with a delay in accordance with a set number 
of delay stages. The D/A converting circuit 42 con- 40 
verts the output data from the FIFO register 41 to ana- 
log video signals. The number of delay stages of the 
variable length FIFO register 41 is selected such that 
the sum of the said number and the number of delay 
stages incidental to the inputted image data is constant. 45 
By doing so, the input timing of the display data applied 
to the D/A converting circuit 42 becomes constant, 
whereby the movement of the display image on the 
screen in left and right directions caused by the change 
of combination of the processing circuits 3 can be elimi- 50 
nated. 

In this embodiment, there are 8 write addresses W AO 
to WA7, and respective write addresses correspond to 
the image data having no delay, the image data having 
a delay of 8 clocks, the image data having a delay of 16 55 
clocks, and the image data having a delay of 56 clocks, 
respectively. Therefore, the image data having 56 
clocks of delay stages at the most can be written in the 
image memory 2 at correct timing. Since the number of 
delay stages do not exceed 56 clocks in the normal 60 
operation, the sura of the number of delay stages of the 
variable length FIFO register 41 and the number of 
delay stages incidentaf to the input image data should be 
no less than 56 clocks. When the value is 56 clocks, for 
example, the relation between the number of delay 65 
stages generated by the processing circuits 3 combined 
variously with the output of the processing circuit 3 
outputted to the image output circuit 4 and the number 
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of delay stages of the variable length FIFO register 41, 
will be as shown in Table 3. Therefore, a multiple of 8 
no more than 56 may be used as the number of delay 
stages of the variable length FIFO register 41. There- 
fore, the change of delay stages generated by the pro- 
cessing circuit 3 can be easily compensated for even in 
the case of image output (display) as in the selection of 
the write address in the image memory 2. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
>f the appended claims. 

What is claimed is: 

1. A digital image processing apparatus comprising: 
an image input circuit for inputting image data; 
an image output circuit for outputting image data; 
a plurality of image memories for storing image data; 
a plurality of processing circuits capable of pipeline 

processing image data; 
an image data bus for transferring image data be- 
tween each of said circuits in accordance with a 
transfer clock; 
an address counter generating a read address and a 
write address to be applied to said image memory; 
and 

an address bus for applying the address generated by 

said address counter to said image memory; 
wherein each of said processing circuits is structured 
such that a delay of n (n is a positive integer) trans- 
fer clocks or an integer multiple of n clocks is gen- • 
erated between the input and output data; 
said address counter comprises 
a read address counter which is counted up at a per- 
iod of n transfer clocks, and 
a delay circuit array having multi stages of delay 
circuits, each generating a delay of n transfer 
clocks, cascade connected to generate a plurality of 
write addresses from a read address inputted to said 
delay circuit of a first stage; and 
said image memory comprises a write address select- 
ing circuit which selects, when a delay time of a 
write data is Kxn transfer clocks (K is a positive 
integer), a write address outputted from Kth one of 
said delay circuits; whereby the delay time of the 
whole processing circuit becomes the integer mul- 
tiple of n transfer clocks regardless of the combina- 
tion of the plurality of processing circuits and that 
the processing circuits can be freely coupled with 
each other. 

2. A digital image processing apparatus according to 
claim 1, wherein 

said image memory comprises 
a shift register for writing converting n serial data on 

said image data bus to parallel data, 
n sets of memory devices in which parallel data out- 
putted from said shift register for writing are simul- 
taneously written, and 
a shift register for reading converting parallel data 
simultaneously read from said n sets of memory 
devices to n serial data to output the same on said 
image data bus. 

3. A digital image processing apparatus according to 
claim 1, wherein a plurality of write addresses output- 
ted from said delay circuit array are switched in syn- 
chronization with the transfer clock in a period of n 
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transfer clocks to be time-division multiplexed on one 
write address bus. 

4. A digital image processing apparatus according to 
claim 1, wherein said image output circuit comprises a 
variable length FIFO register provided at the input 
stage to maintain a number of delay stages of the output 
data at a constant value. 

5. A digital image processing apparatus comprising: 
an image input circuit for inputting image data; 

an image output circuit for outputting image data; 

a plurality of image memories for storing image data; 

a processing circuit for processing image data; 

an image data bus for transferring image data be- 
tween each of said circuits in accordance with a 
transfer clock; 

an address counter generating a read address and a 
write address to be applied to said image memory; 
and 



10 



15 



a delay circuit array having a plurality of delay cir- 
cuits, cascade connected for generating a plurality 
of write addresses from a read address counted by 
read address counter, and 

said image memory comprises a write address select- 
ing circuit which selects, when a delay time of a 
write data processed by said processing circuit is 
Kxn transfer clocks (K is a positive integer), a write 
address outputted from said delay circuits, 

said write address provided by shifting the read ad- 
dress by an amount corresponding to Kxn transfer 
clocks, 

whereby the delay time of the whole processing cir- 
cuit becomes the integer multiple of n transfer 
clocks regardless of the combination of the plural- 
ity of processing circuits and that the processing 
circuits can be freely coupled with each other. 
6. A digital image processing apparatus according to 
claim 5 in which said plurality of delay circuits are 



an address bus for applying the address generated by 2 o cascade connected, and each generating a delay of n 



said address counter to said image memory; 

wherein said processing circuit is structured such that 
a delay of n (n is a positive integer) transfer clocks 
or an integer multiple of n clocks is generated be- 
tween the input and output data; 

said address counter comprises 

a read address counter which is counted up at a per- 
iod of n transfer clocks, and 



transfer clocks, 
and said write address selecting circuit selects a write 

address outputted from Kth delay circuit. 
7. A digital image processing apparatus according to 
25 claim 5 in which said processing circuit has a plurality 
of image processing elements, and is capable of pipeline 
processing image data. 
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